Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-10 in the 
underlying PCT Application No. PCT/DE03/02361 and adds new claims 11-21. 
The new claims, inter alia , conform the claims to United States Patent and 
Trademark Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE03/02361 includes an 
International Search Report, dated November 4, 2003, a copy of which is included. 
The Search Report includes a list of documents that were considered by the 
Examiner in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





One Broadway 

New York, NY 10004 

(212)425-7200 
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SENSOR ELEMENT FOR DETERMINING THE CONCENTRATION 
OF A GAS COMPONENT IN A GAS MIXTURE 

Background of th e Field Of The Invention 

The present invention is based on a sensor element for determining the 
concentration of a gas component in a gas mixture, in particular for 
determining the concentration of oxygen in the exhaust gas of an internal 
5 combustion engine , as recit e d i n th e pr e amb le of C l aim 1 .. . 

Background Information 

In a known sensor element of this type (German Patent Application No. DE 
199 41 051 -A±), an upper, lower, and intermediate layer are cast as ceramic 
films of a solid electrolyte material that conducts oxygen ions, such as yttrium- 

10 stabilized zirconium oxide. A further solid electrolyte layer, situated between 
the upper and intermediate layers, is applied for example onto the upper layer 
by screen printing of a pastelike ceramic material. The material used for this is 
preferably the same as that of which the upper layer is made, thus e.g. 
zirconium oxide. In the plane (surface) of the additional solid electrolyte layer, 

15 there are situated functional layers, such as electrodes of a Nernst cell and a 
pump cell, and a reference duct. Between the lower and intermediate layers 
there is also situated an electrical resistance heater, embedded in an 
insulating layer of aluminum oxide. The integrated form of the planar ceramic 
laminated body is manufactured by laminating together the ceramic films 

20 (which are printed with the additional solid electrolyte layer and the functional 
layers) of the upper, lower, and intermediate layers, using film binders and 
subsequent sintering. 

Advantag e s of th e Summarv Of The Invention 

25 The sensor element according to the present invention , hav i ng tho featur e s of 
Cla i m 1 , has the advantage that the inventive construction of the laminated 
body results in the omission of one film, and therewith of two film binder 
layers. The lamination layers of the laminated body are reduced from two 
lamination layers in the known sensor element, namely between the upper 

30 layer and the intermediate layer on the one hand and between the lower layer 
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and the intermediate layer on the other hand, to only one lamination layer 
remaining between the lower and upper layer, thus reducing the probability of 
gas leaks in the lamination area and lowering the reject rate. Because the 
number of cast films significantly influences the production costs of the sensor 
5 element, these costs are also reduced by omitting a film. In addition, two 
additional printing steps are omitted for the application of the film binders for 
the intermediate layer, further reducing the manufacturing costs. 

For the upper and lower layer, films having uniform thickness are used, so 
10 that in the manufacturing process only a single casting charge need be 

produced, so that the films have the same dry contraction (shrinkage) , green 
contraction, and sintering contraction. The use of thicker films avoids handling 
problems, such as those that occur when screen printing is used to print the 
functional layers on thinner films. The film of the upper layer, which is thicker 
15 than that in the known sensor element, additionally provides the advantage 
that in the film, which is made mostly of zirconium oxide, the pumping of 
oxygen through the zirconium oxide has the result that fewer slight 
breakdowns, in the form of electrically conducting paths that could falsify the 
measurement signal, occur over the long-term, so that the serviceable life of 
20 the sensor element increases. 

Through th e m e asur e s i nd i cat e d i n th e add i t i onal cla i ms, advantageous 
d e v e lopm e nts and improv e m e nts of tho sensor ele m e nt i nd i cat e d i n C l a i m 1 
ar e possibl e . 

25 

According to an advantageous specific embodiment of the present invention, 
the upper layer film contains a gas entry hole that completely penetrates 
through this film, and which is made in the film before the binding of the upper 
layer film to the laminated body. The provision of the gas entry hole in the 
30 upper layer film, which is not yet connected to the lower layer film, simplifies 
the manufacture of the gas entry hole, because the gas entry hole can be 
made by penetrating through the upper layer film, rather than having to 
maintain a defined boring depth in the laminated body, as is the case in the 
known sensor element. 
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Brief Description Of The Drawing 

The pr e sent inv e ntion is explained i n mor e d e ta i l in th e fol l ow i ng description 
on the bas i s of an e xemplary e mbod i m e nt shown i n th e drawing. Th e 
drawing Fiqure shows a longitudinal section of a sensor element for 
5 determining the concentration of oxygen in the exhaust gas of an internal 
combustion engine, in a schematic representation. 

Detailed Description of th e Ex e mplary Embod i m e nt 

The sensor element for determining the concentration of oxygen in the 

10 exhaust gas of an internal combustion engine, shown schematically in 

longitudinal section in the draw i ng Figure as an exemplary embodiment of a 
general sensor element for determining the concentration of a gas component 
in a gas mixture, has a laminated body 10 made up of a lower layer 1 1 , an 
intermediate layer 12, and an upper layer 13. Here, lower layer 1 1 and upper 

15 layer 13 are cast ceramic films of a solid electrolyte material, preferably of 
yttrium-stabilized zirconium oxide (Zr0 2 ), while intermediate layer 12 is made 
of at least one film binder layer made of a solid electrolyte material that is 
printed on one of the films, for example on the film of upper layer 13, using 
screen printing. Zirconium oxide paste is preferably used for the film binder 

20 layer. A plurality of film binder layers are applied in successive printing steps. 

The two films for upper and lower layer 13, 1 1 are constructed with the same 
thickness, and have a thickness between 0.3 mm and 1 .0 mm, while the 
intermediate layer, made of one or more film binder layers, is made 

25 significantly thinner, its thickness being selected between 25 pm and 100 pm. 
In a preferred exemplary embodiment, the thickness of the two films for upper 
and lower layer 13, 1 1 is 0.5 mm in each case, and the thickness of 
intermediate layer 12 is 50 pm. In the film of upper layer 13 a gas entry hole 
14 is made, e.g. stamped or bored, that completely penetrates the entire 

30 thickness of the film. 

In a known manner, there is fashioned in laminated body 10 a pump cell 
made of a solid electrolyte and an inner and outer pump electrode, as well as 
a Nernst cell made of a solid electrolyte and a Nernst and reference electrode. 
35 The solid electrolyte of the pump cell is formed by upper layer 1 3, and the 
solid electrolyte of the Nernst cell is formed by intermediate layer 12. Outer 
pump electrode 15 and inner pump electrode 16 of the pump cell are each 
printed coaxially to the gas entry hole 15 on the upper or lower side of upper 
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layer 13. Nernst electrode 17 of the Nemst cell is situated, together with pump 
electrode 16, in a hollow space 23 that is embedded in intermediate layer 12, 
while reference electrode 19 of the Nemst cell is situated in a reference gas 
duct 18 in intermediate layer +&t1_2. Reference gas duct 18, which can be 
5 charged with a reference gas in a known manner, can be filled with a porous 
material. Reference electrode 19 is printed, together with inner pump 
electrode 16, on the lower side of upper layer 13. Hollow space 23 is 
produced by a pore formation layer applied on intermediate layer 12 using a 
screen printing method. Inner pump electrode 16 and Nernst electrode 17, 

10 which is likewise situated coaxial to gas entry hole 14 and is axially at a 

distance from inner pump electrode 16, stand in connection in hollow space 
23 with gas entry hole 14 via an annular diffusion barrier 20, so that outer 
pump electrode 15 can be charged directly with the exhaust gas of the 
internal combustion engine, and inner pump electrode 16, as well as Nernst 

15 electrode 17, can be charged with this gas via diffusion barrier 20. Between 
lower layer 1 1 and intermediate layer 12 there is situated an electrical 
resistance theater 21 that is embedded in an electrical insulating layer 22, 
made for example of aluminum oxide (Al 2 0 3 ). Insulating layer 22 is printed on 
the upper side of lower layer 1 1 . Laminated body 10 is manufactured by 

20 laminating together the ceramic films, printed with the film binder layers and 
the functional layers, and subsequent sintering of the laminated structure. 
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Abstract Of The Disclosure 
A sensor element i s ind i cat e d for determining the concentration of a gas 
component in a gas mixture, in particular for determining the concentration of 
oxygen in the exhaust gas of an internal combustion engine, having a 
5 laminated body (40)-that is made up of a plurality of solid electrolyte layers 
and that has an upper and a lower layer (13, 11) that are each fashioned as a 
film, as well as an intermediate layer-{42). In order to simplify the manufacture 
and to reduce the manufacturing costs, the films of the upper and lower layer 
(13, 11) are fashioned with equal thicknesses, and the intermediate layer (42) 
10 is applied as at least one printed layer of a film binder. 
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